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SPECIFICATION ™ 



1. Title of the Invention 

Aluminium alloy for VTR cylinders 

2 . Claims 

Aluminium alloy for VTR cylinders which includes Cu 
2-5%, Mg 0.5-2%, Fe ^0.25%, Si ^0.20, Ti 0.001-0.20, and 
one or two or more of Zr 0.05-0.25%, Cr 0.05-0.25%, Mn 
0.1-0.8% and/or V 0.05-0.25%, with the remainder 
comprising aluminium and impurities. 

3. Detailed Description of the Invention 

Technical field 

This invention relates to aluminium alloys which 
have outstanding properties as aluminium alloys for VTR 
cylinders, such as smooth tape running, wear resistance 
and machinability . 



Prior art 

The cylinders which constitute an important 
component of a VTR need to have commercial quality and 
high precision, and more particularly they require the 
following properties. 

(1) To be of non-magnetic material 

(2) To be lightweight in order to turn at high speed 

(3) To allow the tape to run well 

(4) To be such that there is no wear in the cylinder 
due to the tape 

(5) To have good machinability and give a good surface 
finish. 

Cast JIS AC 5 A alloy materials and cast JIS 2218 
alloy materials are employed for prior VTR cylinders. 

Cast AC 5 A alloy materials have the following 
problems . 

(1) There are many micro-order surface faults in the 
final material after precision machining, caused by 
cavities, micro-oxidation and coarse eutectic 
compounds; and magnetic powder from the magnetic 
tape accumulates in these faults and is reflected 
in distortion. 

(2) The part which rotates in contact with the tape 
needs to be of a strong wear-resistant material 
which is not worn by the tape; however, hardness 
(Vickers hardness of the order of 120) is 
inadequate, eutectic compounds and intermetallic 
compounds are coarsely deposited, and wear 
resistance is poor. 

(3) Considerable wear of the part rotating in contact 
with the tape is caused by dispersion of particles 
of eutectic compounds of the order of 10-30 pm into 
gaps of the order of 20 (im between particles. 

(4) The part which rotates in contact with the tape is 
shaped by -machining, but machinability is poor and 
the condition of the surface after finishing by 
precision machining is poor. 

Cast JIS AC 5 A alloy and 2218" alloy materials have 
been developed in order to solve the problems above, and 
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these are in practical use; however, cylinder alloys 
with even higher performance are need in order to 
improve VTR performance. 

In cast AC 5 A alloy materials and 2218 alloys there 
is comparatively abundant deposition of Fe-type and Ni- 
type eutectic compounds and intermetallic compounds. In 
the 2218 alloy this tends to be improved compared with 
AC 5 A alloy; however Fe-type and Ni-type intermetallic 
compounds with a particle size of 5 \x or less are 
present. For this reason, when a 2218 alloy is used as 
VTR cylinder material there are the following problems. 

(1) During mirror-surface machining the surface is 
coarse due to Fe-type and Ni-type intermetallic 
compounds in 2218 alloy. 

(2) This leads to considerable friction between the 
cylinder and the magnetic tape and, therefore, the 
tape does not run uniformly and wear of the 
cylinder due to the tape is reflected in 
distortion. 

Object 

The present invention solves the problems above and 
the objective thereof is to contribute to improving VTR 
performance by offering aluminium alloys which do not 
have faults like those in cast AC 5 A alloy materials, 
have better machinability than 2218 alloys, give a low 
coefficient of friction between the cylinder and the 
tape and have outstanding tape running properties. 
Constitution 

The present invention is essentially aluminium 
alloy for VTR cylinders which includes Cu 2-5%, Mg 
0.5-2%, Fe £0.25%, Si ^0.20, Ti 0.001-0.20, and one or 
two or more of Zr 0.05-0.25%, Cr 0.05-0.25%, Mn 0.1-0.8% 
and/or V 0.05-0.25%, with the remainder comprising 
aluminium and impurities. 

In other words, compared with the AC 5 A alloys and 
2218 alloys discussed above, the present invention does 
not contain Ni and has extremely small quantities of Fe 
and Si, and also has at least one of Zn, Mn, Cr or V 
added. 
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The rationale behind the alloy composition in the 
present invention is as follows. 

Cu: Cu, together with Mg, confers age hardening 
properties on the alloy and raises strength and 
wear resistance. At less than the lower limit this 
effect is inadequate, and when it exceeds the upper 
limit, corrosion resistance is lowered. 

Mg: Mg, together with Cu, confers age hardening 
properties on the alloy and raises strength and 
wear resistance. At- less than the lower limit this 
effect is inadequate, and when it exceeds the upper 
limit, hot working properties and cold forging 
properties are lowered 

Fe, Si: Fe and Si form insoluble compounds, so that 
during mirror surface machining the surface becomes 
coarse and wear resistance and tape running 
properties are lowered. Therefore, upper limits 
have been set for these elements. For this reason, 
high priced aluminium base metal of at least JIS 
special grade type 2 is used as the base metal. 

Zr, Mn, Cr, V: These " elements are effective at 
improving crystal grain refining properties and 
strength. At less than the lower limit this effect 
is inadequate, and when it exceeds the upper limit 
the condition of the surface after machining is 
poor due to the deposition of giant intermetallic 
compounds . 

Ti: Has the effect of refining ingot structure and 
preventing foundry flaws. At less than the lower 
limit this effect is inadequate, and when it 
exceeds the upper limit, giant intermetallic 
compounds are deposited and the condition of the 
surface after machining is poor. 
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Production process 
A: Melting treatment 

An aluminium alloy with the composition above is 
subjected to filter treatment during melting and 
casting to remove trace oxides and then an ingot is 
produced. The presence of major oxides causes 
surface faults when the VTR cylinder is given a 
mirror finish. 
B: Homogenization treatment 

The ingot is heated in order to homogenize ingot 
structure and form a solid solution of the 
principal hardening elements in the alloy. 

Treatment at 400-480°C for 2-48 hours is desirable. >• 

Q- 

C: Extrusion treatment 
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The ingot is worked by hot extrusion at a 

temperature of 350-480°C at a working ratio (cross- Ul 

sectional reduction ratio) of 75% or more. A 

working ratio of less than 75% is undesirable, 

because ingot faults such as cavities, pinholes and 

blowholes are not adequately compressed and, ^ 

* therefore, these faults remain after extrusion \- 

CO 

treatment . 
D: Drawing and softening 

Performed if necessary in accordance with size. 
E: Forging 

The extruded material or drawn material above is 
used for forging the cylinder shape. Forging can be 
hot forging or cold forging; however, from the 
point of view of cost and dimensional precision, 
cold forging is preferred. 
F: Heat treatment 

Forging is followed by quenching and tempering to 
obtain the desired strength.. 
G: Finishing 

Heat treatment is followed by machining to a mirror 
surface to give a VTR cylinder. 

Alloys of the present invention give the most 
outstanding performance when passed through the 
production process above; however, cast alloys of the 



present invention also give VTR cylinders with better 
performance than prior AC 5 A and 2218 alloys if subjected 
to E. forging F. heat treatment -> G. finishing. 
Examples 

Table 1 presents the chemical composition of 
examples. 

These alloys were melted and then treated by 
filtration and made into 8-inch diameter cylindrical 
ingots . 

These ingots were treated by homogenization at 
465°C for 24 hours and then extruded at 440°C to a 
diameter of 50 mm. Softening at 410°C for 1 hour was 
followed by drawing from diameter 50 -> 45 mm and further 
softening for 1 hour at 410°C, and then shaping into a 
VTR cylinder by cold forging. These components were 
subjected to T6 treatment (490°C x 1 hour water 
cooling -> 175°C x 8 hours) followed by machining to a 
mirror surface to give VTR cylinders. 



Table 1. Chemical composition of examples (%) 
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Effects 

Performance parameters are presented in Table 2. 

The alloys of the invention in No. 1-8 showed good 
finishing during machining and had a low coefficient of 
friction and, therefore, showed good tape running 
properties and little wear by the tape. 

The comparative alloys of No. 9 and 10 showed poor 
wear resistance because hardness was low. 

The comparative alloys of No. 11-13 and the 2218 
alloy had a coarse surface, leading to problems with 
tape running properties and wear resistance. 

The comparative alloy of No. 14 had large crystal 
grains, giving an uneven surface finish, and tape 
running properties were poor. 



Table 2. Results of comparison of 
performance parameters 
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+1 Average coarseness after diamond finishing 
following T6 

*2 Cylinder wear after a 5000-hr running test with 

iron oxide type magnetic tape 
*3 Coefficient of rotational friction with 

iron oxide type magnetic tape 
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